Introduction {#S0001}
============

Lower back pain is a common disorder; the estimated global point prevalence of activity limiting lower back pain lasting more than 1 day was 11.9±2.0% between 1980 and 2009.[@CIT0001] Lower back pain can be broadly categorized as nonspecific or specific. Nonspecific refers to lower back pain for which there is no clear causal relationship between the symptoms, physical findings and imaging findings whereas, for specific lower back pain, there is a pathoanatomical relationship between the pain and one or more pathological process.[@CIT0002] A review by Deyo and Weinstein found that among patients with specific lower back pain, 4% were diagnosed with disc herniation, 3% with spinal stenosis and 2% with spondylolisthesis.[@CIT0003] However, most cases of lower back pain (80--90%) are nonspecific and are often caused by non-pathological functional disturbances, such as sacroiliac joint syndrome.[@CIT0002] The causes of lower back pain can be mechanical, neuropathic or secondary to another cause.[@CIT0004] Approximately 90% of patients suffering from back pain achieve remission within 6 weeks.[@CIT0002]

Neck pain is also becoming an increasingly common disorder; 1-year prevalence rates range from 4.8--79.5%, with most studies reporting an increased risk of neck pain in women.[@CIT0005] There is some consistency between the causes of lower back pain and those of neck pain, including compressive causes, such as disc herniation, and degenerative changes of the vertebrae and/or intervertebral discs.[@CIT0006] As with lower back pain, there is often uncertainty around the pathophysiology of neck pain and specific causes are rarely identified.

Despite the lack of efficacy data, acute back and neck pain are often treated with over-the-counter analgesics; the most common treatment being ibuprofen. Surprisingly, considering the widespread use of ibuprofen, we identified only one published study in which ibuprofen was investigated for the treatment of acute back pain, published by Dreiser et al.[@CIT0007] Although ibuprofen and diclofenac potassium were both found to be superior to placebo in this study, limited efficacy was reported.[@CIT0007] However, other studies have reported that 400 mg ibuprofen is a more effective analgesic than 1000 mg paracetamol or 325/650 mg aspirin for the treatment of other forms of acute pain (including dental pain, episodic tension-type headache, muscle contraction headache, postoperative pain after caesarean section).[@CIT0008]--[@CIT0012] In spite of this, some patients still reported insufficient pain relief with 400 mg ibuprofen,[@CIT0009]--[@CIT0011] which led to investigations into the analgesic adjuvant effect of caffeine.[@CIT0013],[@CIT0014] It must be noted that the definitions of "acute pain" differ greatly for back/neck pain and pain resulting from postpartum uterine cramping, tension headache, migraine or dental extraction, where the superiority of caffeine-containing analgesics has previously been demonstrated.[@CIT0015]--[@CIT0020]

Caffeine has demonstrated an analgesic adjuvant effect in several pain models. In a Cochrane review of 20 randomized double-blind studies involving 4,262 patients, it was concluded that adding ≥100 mg caffeine to standard doses of commonly used analgesics increased the proportion of patients reporting a good level of pain relief by a small but important amount.[@CIT0015] The ibuprofen + caffeine combination investigated here has shown superior efficacy to ibuprofen alone in a dental extraction pain model.[@CIT0020]

Due to the available evidence supporting caffeine as an analgesic adjuvant in combination with nonsteroidal anti-inflammatory drugs (NSAIDs),[@CIT0015],[@CIT0016],[@CIT0018]--[@CIT0020] it was thought that a combination of ibuprofen and caffeine could be more effective and provide faster pain relief than single-agent ibuprofen for the treatment of lower back or neck pain. The aim of this trial (NCT03003000; EudraCT 2016-000902-12) was to compare the efficacy of a fixed-dose combination of 400 mg ibuprofen and 100 mg caffeine with that of ibuprofen alone or placebo for the treatment of acute lower back or neck pain.

Methods {#S0002}
=======

Trial design {#S0002-S2001}
------------

This Phase III randomized, placebo- and active-controlled, double-blind, multi-centre, multi-country, 3-arm, parallel group trial was designed to evaluate the efficacy and safety of a fixed-dose combination of 400 mg ibuprofen and 100 mg caffeine, compared with 400 mg ibuprofen alone or placebo.

Patients were randomized using an interactive response technology (IRT) system provided by Quintiles Limited (Bloemfontein, South Africa) and Almac Clinical Services (Craigavon, United Kingdom). The randomization list was generated using a validated system, which involved a pseudo-random number generator to ensure that the resulting treatment was both reproducible and non-predictable. Patients were randomized in blocks (block size 5) to the treatment groups in a 2:2:1 ratio (ibuprofen + caffeine: ibuprofen: placebo). Randomization was stratified by country (Germany/Russia) and worst procedure site (back/neck). Patients, investigators and those involved in analyzing the data remained blinded with regard to assigned treatment until after database lock.

Standard protocol approvals, registration and patient consents {#S0002-S2002}
--------------------------------------------------------------

The IEC (Ärztekammer Nordrhein, Ethikkommission, Düsseldorf, Germany) of the Coordinating Investigator of the trial (H-G Predel) gave a favourable opinion for the trial on 13 Dec 2016.

Prior to start of the trial, the clinical trial protocol (CTP) 1335.5, dated 28 Jul 2016, the patient information leaflet, the informed consent form, and other locally required documents were reviewed by the IECs of the participating centres (Germany: Ärztekammer Nordrhein, Ethikkommission, Düsseldorf, Germany; Russia: Local Ethics Committees at "Alliance Biomedical-Russian Group", "St. Petersburg State Budgeted Healthcare Institution (City Out-patient hospital \#109)", and "Medical Center (Reavita Med SPb), all St. Petersburg). The competent authority (Bundesinstitut für Arzneimittel und Medizinprodukte, Bonn, Germany) approved the trial on 31 Oct 2016. This trial was carried out in compliance with the clinical trial protocol, in accordance with the principles of the Declaration of Helsinki and the international conference of harmonisation good clinical practice guidelines, and in accordance with applicable regulatory requirements. Each patient signed and dated an informed consent form according to the local regulatory and legal requirements.

Participants {#S0002-S2003}
------------

Eligible patients were adults aged ≥18 years with acute back or neck pain resulting in pain on movement (POM) ≥5 on a 10-point numerical rating scale (NRS) for at least one of five standardized POM procedures.[@CIT0021] Patients had acute back or neck pain for at least 24 hrs but less than 21 days. Patients were excluded if they had a history of three or more episodes of back or neck pain in the last 6 months, or if they had chronic back or neck pain (defined as pain for three weeks or longer). Additional exclusion criteria included back or neck pain due to an identifiable cause, surgery or rehabilitation due to back or neck pain in the last 12 months, or use of prohibited medication (including any anti-inflammatory drugs, heparinoids or muscle relaxants) within 3 days prior to Visit 1.

Treatment {#S0002-S2004}
---------

Eligible patients were randomly assigned to receive 400 mg ibuprofen +100 mg caffeine, 400 mg ibuprofen or placebo orally every 6--8 hrs, three times per day, over each 24 hr period from day 1 until the morning of day 6. For the active treatments, total daily dosages were 1200 mg ibuprofen +300 mg caffeine, and 1200 mg ibuprofen.

Paracetamol was permitted as the only rescue medication at a maximum dose of 2 g per day. If required, following the first dose of trial medication, one to two tablets of 500 mg paracetamol were permitted up to twice daily to treat intolerable back or neck pain. Patients were instructed to record the number of tablets, along with the day and time that a dose of paracetamol was taken, but were encouraged not to take the rescue medication before the primary endpoint was assessed on day 2. Additionally, patients were advised to refrain from ingesting any caffeine-containing beverages, chocolate or alcohol during the trial.

Assessments {#S0002-S2005}
-----------

The trial involved five visits: Visit 1 on day 1 (screening, randomization and initial dosing), Visit 2 on day 2 (assessment of the primary endpoint), Visit 3 on day 4 (assessment of efficacy and safety parameters), Visit 4 on day 6 (end-of-treatment visit) and Visit 5 on day 8 to day 10 (follow up by telephone interview). Patients were asked to return all unused trial medication and their diaries at each visit.

POM was assessed by the patient on performing one standardized, muscle group-specific movement, using a validated 10-point NRS that ranged from 0 (no pain) to 10 (worst pain possible for the condition). POM worst procedure (POM~WP~) was defined as the procedure or movement that resulted in the highest pain score at baseline. Additionally, pressure algometry (PA) was assessed by the investigator to determine the pressure (N/cm^2^ (1 N/cm^2^=10 kilopascal (kPA))) that elicited a pain reaction at a defined trigger point located in the area of POM~WP.~

A global assessment of efficacy was also performed. This was based on a 4-point verbal rating scale (0= poor; 1= fair; 2= good; 3= very good) in response to the question: "How would you rate the overall effect of the trial medication for relieving back or neck pain?" In addition, an assessment of average daily pain at rest was performed by the patients each evening before going to bed and was recorded in their diaries. Average pain at rest during the last 24 hrs was assessed using a 10-point NRS that ranged from 0 (no pain) to 10 (worst pain possible). Furthermore, patients completed the Oswestry Disability Questionnaire on days 2 and 6 of treatment, which comprised 10 topics concerning intensity of pain, lifting, ability to care for oneself, ability to walk, ability to sit, sexual function, ability to stand, social life, sleep quality, and ability to travel. The Oswestry Disability Index was used to assess the disability of a patient using a scale that ranged from 0 (no disability) to 100% (maximum disability possible). Safety was assessed through adverse event (AE) and serious AE (SAE) reporting.

Endpoints {#S0002-S2006}
---------

The primary endpoint of this trial was change in POM~WP~ between baseline (morning of day 1, before first dose) and the morning of day 2 (2 hrs after drug intake). Key secondary endpoints were POM~WP~ area under curve (AUC) between baseline and the morning of day 4 (POM~WP~AUC~72h~) and POM~WP~ area under curve between baseline and the morning of day 6 (POM~WP~AUC~120h~). Other secondary endpoints included: change in PA between baseline and the morning of day 2 (2 hrs after drug intake), global assessment of efficacy by the patient at the end of treatment (morning of day 6), number of patients with a decrease in POM~WP~ of ≥30% and ≥50% between baseline and the morning of day 2 (2 hrs after drug intake), and time to first meaningful POM~WP~ relief within 2 hrs of the first dose of trial medication. Further secondary endpoints included average daily pain at rest (assessed by the patient each evening before going to bed) and the Oswestry Disability Index (assessed at days 2 and 6 of treatment). Safety was assessed by the frequency of AEs and SAEs.

Statistical methods {#S0002-S2007}
-------------------

The sample size used in this trial was based on an anticipated treatment difference of 1.2 on a 10-point NRS and a common standard deviation of 3, yielding a standardized treatment difference of 0.4 for the primary endpoint. A sample size of 300 patients per stratum of worst procedure site was required to achieve 86% power to detect a treatment difference of 1.2 for the primary endpoint between the treatment effects of ibuprofen + caffeine and ibuprofen, and 71% power between ibuprofen + caffeine and placebo.

All secondary endpoints were analyzed using the treated set (TS), which comprised all randomized patients who took at least one dose of trial medication. The full analysis set (FAS), which included all patients in the TS who provided a baseline value for POM~WP~ at Visit 1 (before drug intake) and at least 1 POM~WP-~value post treatment at Visit 1 (morning of day 1, 2 hrs after drug intake) and at Visit 2 (morning of day 2, 2 hrs after drug intake), was used for the analysis of the primary endpoint.

The trial was analyzed using generalized linear models, which included terms for country (Germany or Russia), worst procedure site (back or neck) and disease severity as covariates. The primary endpoint was analyzed using a restricted maximum likelihood (REML) based repeated measures approach, based on a mixed-effect model for repeated measures analysis (MMRM), using all available POM~WP~ data. The key secondary endpoints were analyzed using an analysis of covariance (ANCOVA), including treatment, country and worst procedure site as fixed effects and baseline POM~WP~ as a continuous covariate. The change in PA and average daily pain at rest were analyzed analogously to the primary endpoint using all available longitudinal observations. The Oswestry Disability Index was also analyzed analogously to the primary endpoint. Other secondary endpoints were analyzed by logistical regression models, adjusted for country and worst procedure site. For analyses that utilized a likelihood-based repeated measures model, no imputation of missing values was performed. For the calculation of POM~WP~AUC~72h~ and POM~WP~AUC~120h~, imputation rules for missing POM~WP~ assessments were applied. Finally, analysis of safety and tolerability was done descriptively.

Results {#S0003}
=======

Demographics and baseline characteristics {#S0003-S2001}
-----------------------------------------

A total of 635 patients, randomized across 19 sites in Germany and Russia, were included in the TS and FAS populations. In total, 519 (81.7%) patients were from sites in Germany and 116 (18.3%) were from sites in Russia. Overall, 289 (55.7%) patients from Germany had back pain and 230 (44.3%) patients had neck pain, whilst 56 (48.3%) patients from Russia presented with back pain and 60 (51.7%) patients had neck pain. Baseline assessments of pain were similar for each treatment group. Patient demographics and baseline disease characteristics can be found in [Table 1](#T0001){ref-type="table"}.Table 1Baseline and disease characteristics (Treated set)PlaceboIbuprofenIbuprofen + caffeineTotal**Treated patients, N (%)126 (100.0)253 (100.0)256 (100.0)635 (100.0)**Age \[years\], mean (SD)46.3 (15.00)45.5 (16.40)44.8 (17.00)45.4 (16.36)Weight \[kg\], mean (SD)74.8 (13.32)75.8 (13.89)76.2 (13.40)75.8 (13.57)BMI \[kg/m^2^\], mean (SD)25.24 (3.27)25.51 (3.25)25.79 (3.22)25.57 (3.24)**Sex, N (%)**Male51 (40.5)98 (38.7)113 (44.1)262 (41.3)Female75 (59.5)155 (61.3)143 (55.9)373 (58.7)**Race, N (%)**White125 (99.2)249 (98.4)251 (98.0)625 (98.4)Black/African American03 (1.2)2 (0.8)5 (0.8)Asian01 (0.4)3 (1.2)4 (0.6)American Indian or Alaska Native1 (0.8)001 (0.2)**Ethnicity, N (%)**Not Hispanic/Latino125 (99.2)253 (100.0)256 (100.0)634 (99.8)Hispanic/Latino1 (0.8)001 (0.2)**Country, N (%)**Germany104 (82.5)207 (81.8)208 (81.3)519 (81.7)Russia22 (17.5)46 (18.2)48 (18.8)116 (18.3)**Baseline assessment of pain and pressure algometry**Duration from pain onset to treatment start \[days\], mean (SD)6.5 (3.95)6.4 (4.05)6.3 (4.60)6.4 (4.25)Pain on movement worst procedure score (0--10), mean (SD)6.9 (1.07)6.8 (1.15)6.6 (1.15)6.7 (1.14)**Pain on movement worst procedure site, N %**Neck pain59 (46.8)113 (44.7)118 (46.1)290 (45.7)Musculus trapezius (upper part)30 (23.8)59 (23.3)81 (31.6)170 (26.8)Musculus erector spinae (upper part)17 (13.5)34 (13.4)21 (8.2)72 (11.3)Musculus levator scapulae12 (9.5)20 (7.9)16 (6.3)48 (7.6)Back pain67 (53.2)140 (55.3)138 (53.9)345 (54.3)Musculus erector spinae (lower part)26 (20.6)60 (23.7)69 (27.0)155 (24.4)Musculus rectus abdominis41 (32.5)80 (31.6)69 (27.0)190 (29.9)Pressure algometry on painful trigger point \[N/cm^2^\], mean (SD)16.70 (4.676)17.45 (4.708)16.78 (4.801)17.03 (4.744)[^1]

Following randomization, patients were assigned to ibuprofen + caffeine (n=256), ibuprofen (n=253) or placebo (n=126), as seen in [Figure 1](#F0001){ref-type="fig"}. The first patient was screened on the January 5, 2017 and the date of last contact with any patient was the September 28, 2017.Figure 1Disposition of patients.

Treatment {#S0003-S2002}
---------

In line with the treatment schedule, the overall mean duration of treatment was 6.2 days (6.2 days, ibuprofen + caffeine; 6.2 days, ibuprofen; 6.1 days, placebo) and the mean number of tablets taken per patient was 16.6 (16.6 tablets, ibuprofen + caffeine; 16.6 tablets, ibuprofen; 16.4 tablets, placebo), with nearly identical values in each treatment group. Similar proportions of patients assigned to ibuprofen + caffeine (12.1%), ibuprofen (8.7%) and placebo (12.7%) took rescue medication.

Efficacy {#S0003-S2003}
--------

The superiority of ibuprofen + caffeine versus ibuprofen or placebo was not demonstrated with regard to reduction in POM~WP.~ Adjusted mean reductions in POM~WP~ from baseline to the morning of day 2 (2 hrs after drug intake) are shown in [Table 2](#T0002){ref-type="table"}. The reduction in POM~WP~ from baseline to day 2 was 1.998 (SE: 0.1042), 1.869 (SE: 0.1030) and 1.712 (SE: 0.1422) for the ibuprofen, ibuprofen + caffeine and placebo groups, which corresponds to pain reductions of 29.4%, 28.3% and 24.8% compared to baseline, respectively. The treatment difference between ibuprofen + caffeine, ibuprofen alone (*P*=0.3358) or placebo (*P*=0.3446) was not significant. With regard to the subgroup analyses for this endpoint, some heterogeneity was evident between the German and Russian subgroups. In Germany, patients assigned to placebo had the smallest mean change in POM~WP~ (least reduction in pain score) on day 2 (1.581 \[SE: 0.1599\]) compared with ibuprofen + caffeine (1.883 \[SE: 0.1126\]) and ibuprofen alone (1.987 \[SE: 0.1128\]), corresponding to pain reductions of 22.9%, 29.0% and 29.2% compared to baseline. *P*-values were 0.5160 for the comparison between ibuprofen + caffeine and ibuprofen, and 0.1233 for ibuprofen + caffeine versus placebo. In contrast, in Russia, a strong placebo effect was seen, with reductions in POM~WP~ on day 2 being the greatest for placebo (2.234 \[SE: 0.1793\]), compared with ibuprofen alone (1.970 \[SE: 0.1240\]) and ibuprofen + caffeine (1.769 \[SE: 0.1217\]), corresponding to pain reductions of 32.4%, 28.6% and 24.9% compared to baseline. Here, *P*-values were 0.2520 for the comparison between ibuprofen + caffeine and ibuprofen, and 0.0344 for ibuprofen + caffeine versus placebo. In terms of worst procedure site, patients with back pain tended to report a larger treatment difference between the active treatments and placebo than those with neck pain, who showed a tendency towards similar reductions in POM~WP~ for each treatment group ([Table 2](#T0002){ref-type="table"}).Table 2Adjusted mean reduction in POM~WP~ from baseline to morning of day 2 (2 hrs after drug intake) (Full analysis set)PlaceboIbuprofenIbuprofen + caffeine**All patientsNumber of patients, N126253256**Mean POM~WP~ baseline (SE)6.9 (0.10)6.8 (0.07)6.6 (0.07)**MMRM analysis**Adjusted^a^ mean (SE) reduction in POM~WP~ from baseline to day 21.712 (0.1422)1.998 (0.1042)1.869 (0.1030)Treatment contrast ibuprofen + caffeine versus comparator^b^ (95% CI)0.156 (−0.168, 0.480)−0.129 (−0.392, 0.134)*P-*value0.34460.3358**Country subgroupGermany**Number of patients. N104207208Mean POM~WP~ baseline (SE)6.9 (0.11)6.8 (0.08)6.5 (0.08)Adjusted LS mean (SE) change in POM~WP~ from baseline to day 2^c^1.581 (0.1599)1.987 (0.1128)1.883 (0.1126)Treatment contrast ibuprofen + caffeine versus comparator (95% CI)0.303 (−0.083, 0.688)−0.104 (−0.417, 0.210)*P*-value^a^0.12330.5160**Russia**Number of patients, N224648Mean POM~WP~ baseline (SE)6.9 (0.20)6.9 (0.15)7.1 (0.14)Adjusted LS mean (SE) change in POM~WP~ from baseline to day 2^c^2.234 (0.1793)1.970 (0.1240)1.769 (0.1217)Treatment contrast ibuprofen + caffeine versus comparator (95% CI)−0.464 (−0.894, −0.035)−0.200 (−0.545, 0.145)*P*-value^a^0.03440.2520**Worst procedure site subgroupBack**Number of patients, N67140138Mean POM~WP~ baseline (SE)7.1 (0.13)6.9 (0.10)6.6 (0.10)Adjusted LS mean (SE) change in POM~WP~ from baseline to day 2^c^1.536 (0.2012)2.014 (0.1444)1.829 (0.1446)Treatment contrast ibuprofen + caffeine versus comparator (95% CI)0.293 (−0.162, 0.748)−0.185 (−0.548, 0.177)*P*-value^a^0.20570.3157**Neck**Number of patients, N59113118Mean POM~WP~ baseline (SE)6.7 (0.14)6.7 (0.11)6.6 (0.10)Adjusted LS mean (SE) change in POM~WP~ from baseline to day 2^c^1.880 (0.2021)1.949 (0.1510)1.899 (0.1471)Treatment contrast ibuprofen + caffeine versus comparator (95% CI)0.019 (−0.447, 0.486)−0.050 (−0.434, 0.335)*P*-value^a^0.93500.7994[^2][^3]

POM~WP~AUC~72h~ was similar between patients receiving ibuprofen and those receiving ibuprofen + caffeine. The treatment difference between ibuprofen + caffeine and placebo was in favor of ibuprofen + caffeine (−0.288; 95% CI −0.572, −0.003; *P*=0.0474). In all treatment groups, the mean values for POM~WP~AUC~120h~ were lower compared with those for POM~WP~AUC~72h~, indicating a small reduction in pain over time. Consistent with POM~WP~AUC~72h~ (until day 4), the results of POM~WP~AUC~120h~ (until the morning of day 6) suggested that patients assigned to placebo reported higher average pain scores than patients assigned to ibuprofen + caffeine or ibuprofen alone. The treatment difference between ibuprofen + caffeine and placebo was, again, in favor of ibuprofen + caffeine (−0.399; 95% CI −0.698, −0.100; *P*=0.0091). As observed for the primary endpoint, patients in Russia showed a stronger placebo effect for POM~WP~AUC~72h~ and POM~WP~AUC~120h~ than patients in Germany; however, the large difference in the number of patients enrolled from Russia (n=116) and those enrolled from Germany (n=519) should be noted. As seen for the primary endpoint, patients with back pain tended to report a larger treatment difference between the active treatments and placebo than those with neck pain. These data can be found in [[Tables S1]{.ul}](http://www.dovepress.com/get_supplementary_file.php?f=217045.docx) and [[S2]{.ul}](http://www.dovepress.com/get_supplementary_file.php?f=217045.docx).

Change in PA between baseline and the morning of day 2 (2 hrs after drug intake) is shown in [[Table S3]{.ul}](http://www.dovepress.com/get_supplementary_file.php?f=217045.docx). On day 2, the pressure on the trigger point in the area of the worst procedure site could be increased by at least 3 N/cm^2^ in all treatment groups. Only small differences in baseline and day 2 values were observed between the placebo (−3.734 \[SE: 0.6107\]), ibuprofen (−3.331 \[SE: 0.4396\]) and ibuprofen + caffeine (−3.175 \[SE: 0.4366\]) groups.

With regard to the global assessment of efficacy at the end of treatment ([Figure 2](#F0002){ref-type="fig"}), most patients rated the trial medication as "good" (46 \[36.5%\] placebo; 115 \[45.5%\] ibuprofen; 116 \[45.3%\] ibuprofen + caffeine) or "fair" (35 \[27.8%\] placebo; 57 \[22.5%\] ibuprofen; 66 \[25.8%\] ibuprofen + caffeine). Overall, 22.2% of patients assigned to placebo rated the trial medication as "poor" compared with only 12.5% of patients assigned to ibuprofen + caffeine. The difference seen between the global assessment of efficacy by the patient for placebo and that for ibuprofen + caffeine was significant (*P*=0.0045) and in favor of ibuprofen + caffeine.Figure 2Global assessment of efficacy by the patient at the end of treatment (treated set). *P*=0.9603 for ibuprofen + caffeine vs ibuprofen, and *P*=0.0045 vs placebo, respectively.

Decreases in POM~WP~ of ≥30% or ≥50% between baseline and the morning of day 2 (2 hrs after drug intake) are shown in [[Table S4]{.ul}](http://www.dovepress.com/get_supplementary_file.php?f=217045.docx). The number of patients who reported a clinically meaningful decrease in POM~WP~ of ≥30% by day 2 was similar between all groups (39.5%, 43.9% and 38.9% for the ibuprofen + caffeine, ibuprofen and placebo groups, respectively), with no significant difference between ibuprofen + caffeine and ibuprofen (*P*=0.3129), as well as placebo (*P*=0.9022)). Decreases in POM~WP~ of ≥50% between baseline and day 2 were much lower than the decreases in POM~WP~ of ≥30% (17.2%, 23.3% and 13.5% for the ibuprofen + caffeine, ibuprofen and placebo groups, respectively; ibuprofen + caffeine vs ibuprofen (*P*=0.0864); ibuprofen + caffeine vs placebo (*P*=0.3301)).

Time to first meaningful POM~WP~ relief within 2 hrs after the first dose of trial medication is shown in [[Table S5]{.ul}](http://www.dovepress.com/get_supplementary_file.php?f=217045.docx). Across all treatment groups, less than 25% of patients reported meaningful POM~WP~ relief within 2 hrs of the first dose of trial medication. Analyses showed no major differences over time between the three treatment groups (ibuprofen + caffeine vs ibuprofen (*P*=0.3534); ibuprofen + caffeine vs placebo (*P*=0.9384)).

Average daily pain scores decreased from baseline to day 6 for all treatment arms ([Figure 3](#F0003){ref-type="fig"}). On days 2--4 of treatment, a significant treatment difference was seen on average daily pain scores at rest for the ibuprofen + caffeine group compared with the placebo group (*P*=0.0046, *P*=0.0333 and *P*=0.0020 on days 2, 3 and 4, respectively). Reductions in average daily pain scores at rest were generally similar between the ibuprofen + caffeine and the ibuprofen alone groups from baseline to day 6; however, a significant treatment effect was seen between the active treatments on day 2 (*P*=0.0420). A similar pattern for each treatment group was also observed in the subgroup analysis of average daily pain scores at rest by worst procedure site for lower back pain and neck pain (with *P*=0.0380 for treatment difference between ibuprofen + caffeine and ibuprofen on day 2; [Figure 3B](#F0003){ref-type="fig"}), whereas effects of active treatments on neck pain appeared to be smaller ([Figure 3C](#F0003){ref-type="fig"}).Figure 3Adjusted Least square mean over the time course for average daily pain at rest scores. (**A**) Lower back and neck pain; (**B**) lower back pain; (**C**) neck pain. For back pain and neck pain, as well as back pain, ibuprofen + caffeine vs placebo scores were different with *P*\<0.05 (asterisks). See \"Results\" for details.

In addition, on days 2 and 6, Oswestry Disability Index scores[@CIT0022] were higher for patients receiving placebo (24.1% and 16.3% on days 2 and 6, respectively) compared with those receiving ibuprofen alone (22.3% and 13.5% on days 2 and 6, respectively) or ibuprofen + caffeine (22.1% and 13.4% on days 2 and 6, respectively), indicating a greater disability at these time points in this patient group ([Figure 4](#F0004){ref-type="fig"}). When compared with placebo, a significant treatment effect was observed on Oswestry Disability Index scores following ibuprofen + caffeine treatment on both day 2 (*P*=0.0136) and day 6 (*P*=0.0102). No significant treatment difference was seen on Oswestry Disability Index scores on days 2 and 6 when comparing the two active treatments (*P*=0.7629 and *P*=0.8351, respectively). On day 6, neck pain treatment effects for ibuprofen + caffeine versus placebo were statistically different (*P*=0.0123; [Figure 4C](#F0004){ref-type="fig"}).Figure 4Adjusted Least square means over the time course for the Oswestry Disability Index. (**A**) Lower back and neck pain; (**B**) lower back pain; (**C**) neck pain. Ibuprofen + caffeine vs placebo score was different with *P*\<0.05 (asterisks) on day 2 and 6 for lower back and neck pain, and at day 6 for neck pain. See \"Results\" for details.

Safety {#S0003-S2004}
------

The overall proportion of patients with treatment-emergent AEs was low, with no patients reporting severe AEs during the treatment period. Patients who received placebo reported the lowest frequency of all-grade AEs (5.6%) compared with those who received ibuprofen + caffeine (7.8%) and ibuprofen alone (7.1%). The most commonly reported AEs were headache (1.9%) and upper abdominal pain (1.1%). In total, five patients had AEs that led to treatment discontinuation (ibuprofen + caffeine, n=2; ibuprofen, n=2; placebo, n=1). An overall summary of AEs and the most frequently occurring AEs is shown in [Table 3](#T0003){ref-type="table"}.Table 3Incidence of adverse events and most frequent adverse events (Treated set)Overall summary of on-treatment AEsCategory of AEPlacebo N (%)Ibuprofen N (%)Ibuprofen/caffeine N (%)Treated patients126 (100.0)253 (100.0)256 (100.0)Any AE7 (5.6)18 (7.1)20 (7.8)Severe AEs000Investigator defined drug-related AEs3 (2.4)8 (3.2)12 (4.7)Other significant AEs (ICH E3)3 (2.4)2 (0.8)5 (2.0)AEs leading to discontinuation of trial medication1 (0.8)2 (0.8)2 (0.8)**AEs during the on-treatment period, sorted by overall frequencyPreferred term**Patients with at least 1 AE7 (5.6)18 (7.1)20 (7.8)Headache2 (1.6)5 (2.0)5 (2.0)Upper abdominal pain1 (0.8)3 (1.2)3 (1.2)Nausea01 (0.4)2 (0.8)Dizziness01 (0.4)2 (0.8)Sleep disorder1 (0.8)02 (0.8)Abdominal pain01 (0.4)1 (0.4)[^4]

Discussion {#S0004}
==========

This trial was designed to evaluate the superiority of efficacy and safety of the fixed-dose combination of 400 mg ibuprofen plus 100 mg caffeine compared with 400 mg ibuprofen alone or placebo for the treatment of acute lower back or neck pain. The trial was the first to assess the analgesic adjuvant effect of caffeine for the treatment of acute lower back or neck pain.

NSAIDs are often the first line treatment for lower back pain; however, clinical data are sparse. In a review by Machado et al, the treatment difference between NSAIDs and placebo was reported to be below the threshold for clinical importance for the treatment of spinal pain,[@CIT0023] suggesting that limitations exist for the use of NSAIDs in lower back or neck pain. Based on existing research in which caffeine has been used as an adjuvant in analgesic combination products with NSAIDs,[@CIT0015],[@CIT0016],[@CIT0018]--[@CIT0020] it was anticipated that, upon the addition of caffeine to ibuprofen, an increase in efficacy (thus improved POM~WP~) would be observed. The mechanisms by which caffeine enhances the efficacy of analgesics are not yet well understood; however, proposed mechanisms of action include: increased drug absorption, decreased metabolic clearance, blockade of peripheral pro-nociceptive adenosine signaling and activation of the central noradenosine pathway, downregulation of cyclooxygenase-2 (COX-2), and changes in mood that lead to changes in pain perception.[@CIT0015] It must be noted however, that the definitions of "acute pain" are largely different for back/neck pain (acute lower back pain is commonly defined as pain lasting \<6 weeks; in this trial, acute lower back pain was defined as pain lasting \>24 hrs and \<21 days) compared with pain resulting from postpartum uterine cramping, tension headache, migraine or dental extraction, where the superiority of caffeine-containing analgesics has previously been demonstrated.[@CIT0015]--[@CIT0020]

In the present trial, ibuprofen + caffeine was not superior to ibuprofen alone or placebo at relieving acute lower back or neck pain. On assessing change in POM~WP~ from baseline to day 2, the primary endpoint of this trial, changes were similar between all treatment groups. In addition, the treatment difference observed for ibuprofen + caffeine compared with that for ibuprofen alone or placebo was not significant. Further analysis indicated that the reduction in POM~WP~ from baseline to day 2 was not significant for ibuprofen alone compared with placebo. This may be a result of the unexpected findings in the Russian subgroup, in which a strong placebo effect was reported, and that may have influenced the overall findings of this trial. In Russia, reductions in POM~WP~ on day 2 were largest for the placebo group compared with the ibuprofen + caffeine and ibuprofen groups, indicating a strong placebo effect. In contrast, in Germany, patients assigned to placebo had the smallest change in POM~WP~ on day 2 compared with ibuprofen + caffeine and with ibuprofen alone. The findings in the German subgroup suggest that the methodology of this trial was sound as there was a placebo response in this subgroup and, although it was not significant, both active treatments demonstrated an analgesic effect greater than that seen with placebo (reduction in POM~WP~ of 1.883, 1.987 and 1.581 following ibuprofen + caffeine, ibuprofen alone and placebo, respectively).

The findings for the primary endpoint were supported by the secondary endpoint analyses. Between baseline and the morning of day 4, patients receiving ibuprofen alone had the lowest AUC with regard to POM~WP~, followed by ibuprofen + caffeine and placebo. The treatment difference between ibuprofen + caffeine and placebo was significant for this endpoint (*P*=0.0474). The results indicate that patients receiving placebo reported higher average pain scores for POM~WP~AUC~120h,~ than those receiving ibuprofen + caffeine or ibuprofen alone. The treatment difference between ibuprofen + caffeine and placebo was, again, significant (*P*=0.0091) for this endpoint. The difference seen between the global assessment of efficacy by patients in the placebo group and those assigned to ibuprofen + caffeine was also significant (*P*=0.0045) and in favor of ibuprofen + caffeine. As for change in PA, on day 2 the pressure on the trigger point could be increased by at least 3 N/cm^2^ for all treatment groups, with no significant treatment differences observed between groups. Furthermore, the number of patients who reported a clinically meaningful decrease in POM~WP~ of ≥30% was similar between all treatment groups (39.5%, 43.9% and 38.9% for the ibuprofen + caffeine, ibuprofen and placebo groups, respectively).

Data collected for average daily pain at rest and the Oswestry Disability Index, suggested that ibuprofen + caffeine was superior to placebo for the treatment of acute lower back or neck pain. For average daily pain at rest, a significant treatment effect was observed on days 2--4 of treatment for the ibuprofen + caffeine group compared with the placebo group. Pain scores for average daily pain at rest were similar between the ibuprofen + caffeine and ibuprofen alone groups, with a treatment effect in favor of ibuprofen + caffeine seen on day 2. As for the Oswestry Disability Index scores, on days 2 and 6, patients receiving placebo had significantly higher scores (greater disability) than those receiving ibuprofen + caffeine. No significant treatment differences were observed on the Oswestry Disability Index scores when comparing the ibuprofen + caffeine and ibuprofen groups.

Taken together, the results of this trial are in line with those of existing literature for ibuprofen alone, where inconsistent treatment effects have been reported.[@CIT0016]--[@CIT0019],[@CIT0021],[@CIT0023] Although ibuprofen + caffeine did not demonstrate significant superiority over placebo for the primary endpoint of this trial, for multiple secondary endpoints (POM~WP~AUC~72h~ and POM~WP~AUC~120h~, global assessment of efficacy, average daily pain at rest and Oswestry Disability Index) ibuprofen + caffeine was reported to have a superior treatment effect compared with placebo, indicating a larger reduction in pain. The analysis of the secondary and other endpoints of this trial supports the hypothesis that the combination of ibuprofen plus caffeine does have an effect on acute lower back and neck pain but that this was not revealed by the primary efficacy variable of the trial. The findings from the secondary and other analyses of this trial are in line with a study of ibuprofen alone by Dreiser et al which found that patients receiving ibuprofen recorded a significant improvement in pain intensity on a 100 mm visual analogue scale (approximately 11 mm) compared with placebo (*P*\<0.001)[@CIT0007] They do not suggest however, that the combination of ibuprofen + caffeine is superior to ibuprofen alone, unlike a number of studies investigating the effects of ibuprofen + caffeine in other pain models (tension-type headache and dental extraction) which have shown the combination treatment to have a superior treatment effect than both placebo and ibuprofen alone.[@CIT0016],[@CIT0018]--[@CIT0020]

When taken collectively with previously published trial data, the results of this trial pose the question of what effective treatments are available for back pain, particularly as over-the-counter medications. Paracetamol, the recommended first-line treatment for acute non-specific lower back pain for a long time, did not reduce time to recovery compared with placebo in patients with lower back pain in a large clinical trial by Williams et al.[@CIT0024] Furthermore, ibuprofen and diclofenac resulted in only a borderline pain reduction (approximately 11 mm on a 100 mm visual analogue scale) in the study by Dreiser et al.[@CIT0007] It appears that one very effective treatment for back pain reported so far is topical cream containing a capsaicinoid and a nicotinic acid ester (nonivamide and nicoboxil).[@CIT0025] In a study by Blahova et al, lower back pain was significantly reduced (*P*=0.0001) following nonivamide/nicoboxil treatment compared with placebo, with 36.2% of patients reporting an onset of pain relief as fast as 30 mins after administration of nonivamide/nicoboxil.[@CIT0025]

The present trial had several design strengths. Firstly, POM is recognized as a reliable endpoint for evaluating the efficacy of acute pain treatments.[@CIT0021],[@CIT0026],[@CIT0027] In addition, the scales used for assessing analgesic efficacy in this trial are standard and are used almost universally in controlled clinical trials of analgesic drugs. Furthermore, in this trial POM assessments were always supported by the same adequately trained person per individual patient to ensure consistency in scoring. This trial was designed prospectively to compare ibuprofen + caffeine versus placebo, as well as ibuprofen + caffeine versus ibuprofen, whereas it is more common practice for comparisons of active treatments versus placebo to be performed as post-hoc analyses.

Limitations of this trial included the large difference in patient numbers between the German and Russian subgroups. Additionally, a sample size of 300 patients per stratum concerning the worst procedure site was required to have 86% power to detect a difference of 1.2 on a 0--10 NRS for the primary endpoint. This was only met by the back pain subgroup which consisted of 345 patients, whereas the neck pain subgroup comprised only 290 enrolled patients.

Conclusion {#S0005}
==========

For the overall trial population, a decrease in acute lower back and neck pain, as indicated by a reduction in POM~WP~ between baseline and the morning of day 2, was shown in all treatment arms. However, there was an unexpectedly strong placebo response, with none of the active treatments demonstrating significant superiority over placebo for the treatment of acute lower back or neck pain. This trial therefore failed to demonstrate that the fixed-dose combination of 400 mg ibuprofen plus 100 mg caffeine is superior to 400 mg ibuprofen alone or placebo for relieving acute lower back or neck pain in this trial population or within the trial setting. Although ibuprofen has previously been shown to be significantly effective for the short-term symptomatic relief of acute and chronic lower back pain without sciatica, effect sizes were small in this trial. Thus, it remains open as to whether the combination of ibuprofen plus caffeine is superior to ibuprofen alone for the treatment of acute lower back or neck pain, as a superior benefit may be limited to a subpopulation of patients.
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[^1]: **Abbreviations:** BMI, body mass index; SD, standard deviation; 1 N/cm^2^=10 kilopascal (kPa).

[^2]: **Notes:** ^a^MMRM model includes the fixed, categorical effects of treatment, country (where applicable), worst procedure site (where applicable), time and treatment-by-time interaction, as well as the continuous, fixed covariates of baseline POM~WP~ and baseline-by-time interaction, using an unstructured covariance matrix. ^b^A positive treatment contrast favors ibuprofen + caffeine. ^c^Positive LS mean indicates a reduction in POM~WP~ and positive treatment contrast favors Ibuprofen + caffeine.

[^3]: **Abbreviations:** CI, confidence interval; LS, least squares; MMRM, mixed model for repeated measures; POM, pain on movement; SE, standard error.

[^4]: **Abbreviations:** AE, adverse event; ICH, international conference on harmonization.
